Sawdust which is basically considered as a timber-industrial waste that pollutes the environment can become a valuable commodity which is considered in three ways: Manufacturing, Energy and Agricultural utilization. The sawdust is burnt in an updraft gasifier under a limited supply of air to obtain producer gas which is carbon II oxide and hydrogen as main components. The sawdust and other biomass materials are mixed in certain proportions, then bound together and palletized to a small blocks called briquettes. The material was also considered to be composted by mixing it with animal digestion or wood ashes and calcium carbonate to form fertilizers. The sawdust and wood shavings can be used for particle board as well as oil production.
Introduction
Sawdust is a tiny piece of wood that fall as powder from wood as it is cut by a saw [1] . In other words, sawdust is basically a waste of small particles available in saw-milling industries, pulp plant and paper industries as well as wood processing industries particularly, in the southern part of Nigeria in a quite large volume in form of heaps and mostly burnt off resulting in the environmental pollution [2] .
Sawdust is generally considered as a timber-industrial waste that pollutes the environment [3] but can become a valuable commodity either as a raw material in manufacturing industries for wood boards, light construction materials such as shelves, notice boards, wall and roof sheeting for mobile houses, as an insulator in the refrigerating system and cold conservation of in Energy industries as fuel burned directly or indirectly to produce wood gas, briquette, pellet, etc. Some aspects of the technologies used for the mentioned above shall form part of the discussions in this paper.
Sawdust possesses characteristics similar to wood but due to the fact that it is in particles, some structural properties have been altered. It can however recover this so that it can be used again as wood. Consequently, in utilizing sawdust as a source of energy, its heating value can be compared with that of other fuels. It has a very low thermal conductivity and hence used as insulating material so as to reduce heat losses through conductor. This material is however capable of producing briquettes with density above 100 kgm −3 . More precisely, the bulk density of sawdust could be as low as 150 -200 kgm −3 [4] . High pressure and temperature are essential to agglomerate to make a very dense briquette without a binder.
The technological development of sawdust proves its positive use, for instance, it is a requirement for improvement in various forms in different kinds of materials, chemicals such as methanol [5] ; as a fuel for instance, it can be burnt directly to obtain heat in three distinct ways [6] :
1) As household fuel energy by burning in special stones for cooking and in fire places for spaces for cooking and in fire places for space heating.
2) For drying and curing, space heating and heating chicken brooders in the agriculture industry.
3) Direct burning in black-smiting, brick making and poultry making in the industrial sector.
Most researchers agreed that all readily recovered waste being generated at present could be absorbed by the industry either for energy supply or for additional raw material for processing chipboards and fine board [7] . Therefore all prime timber is likely to find a ready market for the foreseeable future. For instance, a number of pulp plants in the United States already use their processed wastes to produce other chemicals and beverages quality alcohol.
The exact conditions under which sawdust can be economically viable are hereby highlighted:
2) Manufacturing industries,
3) Agricultural industries.
Energy Industries
The increasing costs, crisis and depletion of energy from convectional sources over past few years have reawakened interest in the development of alternative sources of energy. Many years ago, the world's energy requirements were gases, running water and nuclear energy. Apart from the fact that most of these conventional energy sources are non-renewable, world energy planners have realized that these sources alone would be inadequate to meet the increasing need of the world both now and the future. This led to greater attention being paid to the development of wood gas from sawdust which otherwise would be wasted.
The technological development of sawdust brought about briquettes which are good alternatives for using wood as fuel [8] . The specific energy content of the wood waste and charcoal are 16, 795 .96 kJ/kg, charcoal 18,711.70 kJ/kg respectively [9] . It can however be converted to bitumen or heavy oil due to the presence of cellulose in it by processing it with water, sodium carbonate and a gas rich in carbon (ii) oxide (CO) at a temperature of 250˚C -400˚C [5] . Sawdust is beneficial also as insulating materials in the refrigerating system and in cold conservation.
Manufacturing Industries
Application of modern technology in the areas of pulp and paper making, particle board, water board, oriented strand board plywood has resulted in several benefits such as availability of high quality product for making materials such as shelves, wall and roof sheathings, light construction materials and employment opportunities for the populace to mention a few. Several structural wood panels such as mentioned above shall be the focus of this paper under the manufacturing industry.
Agricultural Industries
Sawdust is a useful factor in agricultural industry in making fertilizer called sawdust compost as well as food in chicken brooders. Several million tons of sawdust and other wood residues are produced annually in the Southwest Nigeria.
While most of this is burned, an increasing amount is being used for mulches, growers of small fruit, and nurserymen. It is also find an increasing use as litter in barns and feed lots, and as a soil conditioner in general agriculture. Usage has been largely on a trial and error basis, usually with good results. Like other highly carbonaceous organic matter, however, sawdust under certain conditions can cause a deficiency of available nitrogen in soils and thus retard plant growth. Certain woods or bark also contain tannins and other extractives that may have more or less toxic influence on plants and soil microorganisms. To obtain information and fundamental knowledge on these and other problems arising in connection with agricultural uses of wood wastes. It is well known that mulching can increase crop yields, but it is essential that mulches be low-cost, readily available materials. In addition, it is desirable that materials used should not require costly applications of nitrogenous fertilizers during the process of decomposition. Most of our soils are greatly in need of organic matter because the usual crop rotations seldom maintain soil humus at high level as desirable. Wood residues should be utilized for humus maintenance wherever it is economically feasible to do so.
Although the emphasis is on sawdust, this material reacts much as do chips, shavings, and bark, except that decomposition is more rapid in the more finely divided material. Sawdust mulches: Improve structure and aeration of heavy soils. Increase water absorption and penetration. Conserve moisture through weed control and reduced evaporation.
Environmental Concerns
Technological advancement is an important desirable and necessary ingredient of economic and social growth but the environmental consequences can be unpleasant. For example burning sawdust in an open space causes atmospheric pollution landing leading to the problem of acidic rain and the emission of carbon (iv) oxide which is of concern as greenhouse gas [8] . Sawdust seriously affects the soil and water, being a very dangerous threat to the environment. It has three major negative effects on the soil, these include: reduction of the hydrogen content of the soil when used as mulch and reduces soil phosphorous when incorporated. Soil acidity increases and therefore unsuitable for crop germination unless it is composted not good to be used as a fertilizer. Sawdust pollutes the soil with phenol compound. All together these effects reduce the soil productivi-
Sawdust reuse is promoted by waste legislation. There is no specific legislation regarding sawdust but there is legislation for wastes in general. As a by-product of timber industry, sawdust is considered by the environmental authorities as a recyclable waste. for raw wood to at least 1800 Btu/lb for pellets. These pellets burn at higher temperatures than untreated wood; resulting in more complete burning and less ash residual [5] . Subsequently, the mixtures of sawdust, biomass materials and the binding agents are then molded into small block cubes and cured (by drying out the water content in a drying oven). These cubes are called the briquettes which can then be burned in a special stove for cooking.
Briquette Techniques
A screw press was used for destruction of the cell walls to generate heat and a high pressure which is the prerequisite for briquetting of sawdust consequent of the force needed to overcome the natural springiness of these materials (i.e., sawdust, biomass and the binding agents).
Densification Process of Briquetting
The process whereby there is a considerable reduction in the volume of the loose sawdust and its aggregates by the application of compressive stress and thereafter leading to its agglomeration so that the product remains in the compressed state is referred to as densification [10] . If the material is compacted with low to moderate pressure (0.2 -5 MPa); thus reducing the space between particles. As the pressure is increased there will be a stage when the cellulose cell wall of the constituent will collapse [4] . After the densification the material remains as solid until it serves its function well as a fuel. The densification also reduce the moisture content, increase the bulk density, increase the calorific value of the fuel and as well as improving the handling and transporting characteristics. The handling characteristics depend on the following properties:
2) Resistance to humidity,
3) Resistance to mechanical action.
Advantages of Sawdust Briquettes:
1) Combustion device: It can be combusted more efficiently when briquette then unprocessed sawdust or wood.
2) Briquette is easily fed into the plant unlike the loose sawdust which may be blown out of the combustion zone and may not completely burn.
3) Sawdust briquettes emit little or no smoke when burnt and also burns with high flame.
Oxygen Gasification of Sawdust
Gasification of sawdust is the process by which sawdust is burnt with limited supply of air or oxygen. Sawdust gas is composed of carbon (ii) oxide, carbon (iv)
oxide, hydrogen and methane. The liquid and the gas are combustible and are potential fuel or fuel feedstock except carbon (iv) oxide. The typical composition from gasification in air, omitting water vapour is as shown in the Table 1 below.
There are some variations, in general the composition of the gas largely independent of the composition of the feedstock because the end product is a mixture of simple gases. In some cases, if there is significant sulphur content in the feedstock hydrogen sulphide may be generated. This can be easily removed by passing the gas through water.
Furthermore, if the air supply is replaced by pure oxygen as it is in the proxy process, the nitrogen content is eliminated and the energy density can be as high This process involved heating the feedstock (sawdust), water and catalyst in an autoclave in the presence of carbon(ii) oxide at a desire pressure and to an operating temperature of about 250˚C -400˚C [11] . Water is needed because it supplies the hydrogen for the reaction and also for the hydrolysis of the highmolecular weight carbohydrate present. It also acts as a solvent and vehicle for the reaction. It decreases the extent of polymerization of some of the highly reactive water soluble intermediates.
However, the disadvantages of water in the system are as follows:
1) Using steam at high partial pressure raises the operating pressure to the levels where capital cost tends to be high.
2) The operating costs depend largely on the sum of the heat required to bring water to the operating temperature and pressure.
The separation of the oil and water phases during the product recovery step is sometimes encountered by emulsions. At a temperature of about 250˚C -400˚C, the reaction can be flushed from the autoclaves with solvent and the product oil extracted in a soxhlet unit [5] .
The extraction can be done using acetone or benzene depending on the temperature at which the reaction occurs. The solvent can then be separated by a rotary evaporated heater in a hot water bath.
Sawdust in Manufacturing Industry

Composite Structural Panels
All wood-based structural panels are composite materials. There are a lot of wood panels that can be made from sawdust, these include: Particle board,
Oriented strand board, water board, plywood, etc., the strength of which depends on the grain size of the sawdust used.
Fabrication of Particle Board
Wood dust in the form of flakes, shavings, chips fibres mixed with resin and other binding agents. This mixture is laid down in a mat which is hot-pressed to increase the density of the mat and to cure the adhesive. The sawdust particles may be oriented to some degree to provide some directionally of strength properties along and across the panels. Particles may be laid down in orthogonal layers similar to plywood veneer. Different types of particles may be used in the same panel to improve surface properties and create a more layered particle product [7] .
Hot-Pressing of Particle Board
In order to overcome the problem associated with spring back and stabilization of the material hot pressing of the sawdust can be carried out for consolidating the particle board to the required thickness and density. It has a direct effect on the product quality and the production efficiency. The function of hot-pressing is to consolidate the material to a desirable panel density and thickness. Modern plants use single-opening or continuous presses for adhesive and furnish to be bonded together to overcome the spring back and heat stabilize the panel for the targeted thickness and density [12] . Production of better panel thickness, controlled density profiles and lower losses in sanding and trimming are assured than for multi opening presses [13] .
Factors Influencing Hot-Pressing 1) The temperature of the press,
2) The press closing speed,
3) The moisture of the mat and its distribution,
4)
The press pressure,
5) The time of pressing,
6) The profile of the thickness [14] .
Design Methodology
Typical Machines for Sawdust Utilization
The aim of this design is to provide a model for the following: 1) A reactor and a storage unit for the production of producer gas during oxygen gasification of sawdust.
2) A manual pressing machine for the production of a particle board of 500 mm by 600 mm board and sawdust briquette.
Design Considerations for the Reactor 1) Material Selections and their adequacy for the purpose.
2) Dimensions of the components and unit. Storage Tank 1) Volume of gas to be stored.
2) Pressure generated in the storage tank. 2) Torque on the screw to be used.
3) Dimensions of the components and unit.
In the designing of unit, efforts were made to use simple manufacturing and engineering techniques to produce units which will serve as a model and which is relatively cheap and easily available.
The Reactor for Oxygen Gasification of Sawdust
Dimension of the Unit
The dimension of the reactor unit is based on a portable unit that will compose 2 kg of sawdust biomass at each feeding rate. The specific value of heat content cannot be ascertained. But assertion can be made during the oxygen gasification of wood. The range of the calorific value of both pyrolysis gas and oxygen gasifi- 
This is the volume that 2 kg mass of sawdust will occupy.
The volume of the producer gas that can be produced during oxygen gasification of sawdust is the addition of the two principal constituents: Carbon (ii) oxide (CO) and hydrogen (H 2 ) by percentage of the total volume of gas produced per feeding rate of 2 kg of sawdust. A specific value cannot be ascertained due to the following conditions:
1) The moisture content.
2) The properties of each wood from which sawdust is being produced.
3) Climatic region under which the tree is grown.
The height and the circumference of the reactor can be calculated using the following assumption: The diameter to be 0.15 m, therefore, the height of the combustion chamber which is expected to be 1 4 of the whole reactor that will gasify the sawdust could be calculated as thus.
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Volume of cylinder πr h = 
Therefore, the height and the circumference of the grate that will conveniently gasify the sawdust are 610 mm and 470 mm respectively having equal distance between the four major components namely: heating unit, combustion chamber, Gas outlet and feeding unit. The outlet unit where hose can be tightly fixed is assumed to have a diameter of 20 mm and about 60 mm long.
The Storage Unit
The storage method to be used is the low pressure storage mild steel tank under a pressure slightly higher than the atmospheric pressure.
Materials Selection
The materials for construction are a mild steel of 3 mm thickness gauge 14 SWG (Standard Wire Gauge) which is readily available and relatively cheap.
Dimensions of the Storage Tanks
The dimension of the tank is based on the following:
The volume of gas to be stored.
1) The gas production rate from the reactor chamber.
The height "H" of 200 mm and diameter "D" of 100 mm are used for the storage tank
Circumference of the storage tank 3.142 π 100 314.2 mm
Volume of the storage unit π 4 Factor of safety 
The Pressing Machine
A mild steel of 3 mm thickness, gauge 18 SWG, (Standard Wire Gauge), a steel rod of thickness 10 mm and a screw and nut that is readily available and relatively cheap are used.
The dimensions of the pressing machine and the mould that will produce a sizeable particle board and briquette are based on the following:
1) The volume of the mould that will produce the particle board of 500 mm × 600 mm × 20 mm in dimension.
2) The internal bonding stress that will be generated inside the sawdust.
3) The work done by the screw on the biomass. The work done on the biomass to keep the keep the particle board in a thickness of 20 mm depends on the force on the screw and the screw distance to maintain that thickness.
W fd = (14) 18270 0.02 365.40 J W = × =
Contact Stress
When surface are placed in contact they touch at one or few discrete points.
When the surface of the wood (the top materials) is loaded, the contacts flatten elastically and the contact area grows until failure of some sort occurs [19] :
1) Failure by crushing caused by compressive stress "δc" 
3) The yielding stress caused by the shear stress 
Conclusions
Sawdust that ordinarily constitutes a menace in sawmills is a good source of fuel, biogas, animal feed meal, organic manure, weed killer and particle board and briquettes. The flame-purified gas is found useful to power internal combustion engines.
Also, the particle boards and plywood products are prefer to other materials like asbestos in roof and wall sheathings for safety and health reasons. Finally, composting sawdust with livestock droppings can be of a great prospect for soil conditioning.
Recommendations
Government should create enabling environment for the manufacturing of pressing machine and briquetting machines locally. If briquetting machines as well as pressing machines are developed here in Nigeria, for local consumption and export, we would have gained more money in foreign exchange.
Indiscriminate burning of sawdust directly should be discouraged through government supported seminars and workshop within the country.
Sawdust briquette should be used as an alternative fuel in place of kerosene and firewood.
